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THE  EFFECTS  OF  NON-UNIFORM  ABSORBTIVITY  OF 
THERMAL  RADIATION  FROM  NUCLEAR  EXPLOSIONS 
ON  THE  TEMPERATURE  RISE  IN  AN 
AIRCRAFT  SKIN 


SUMMARy 


An  analysis  is  made  of  the  maximum  temperature  rise  in  a  thin  sheet 
exposed  over  a  long  narrow  ai’ea  to  thermal  radiation  from  a  nuclear  explosion. 
The  study  is  expended  to  cases  in  which  heat  is  absorbed  outside  this  area  to 
a  lesser  degree  than  inside  it. 

The  results  are  applied  to  the  tenqperature  rise  in  alrcraift  skins  sub¬ 
ject  to  aerodynamic  cooling  and  irradiated  thiuugh  rectemgular  apertures,  and 
also  to  the  effects  of  the  non-unifoim  cdisorbtivity  where  there  are  insignia. 

It  is  shown  that  the  effects  of  conduction  to  lessei'-irradiated  areas 
are  substantial,  and  that  the  temperature  rise  in  areas  under  insignia  is  less 
than  would  be  expected  from  their  greater  absoihtivity. 


1  INTRODlJCTiaN 


The  effects  on  aircraft  in  flight  of  thermal  radiation  from  nuclear 
explosions  pose  some  unique  problems  in  transient  thermal  conduction.  In  a 
previous  study* ,  the  influence  of  convective  cooling  by  the  airstream  on  the 
toraperature  rise  in  thin  skins  was  determined  for  situations  in  which  the 
skin  was  uniformly  irradiated.  It  was  assumed  that  the  region  being  studied 
was  not  affected  by  conduction  of  heat  to  other  parts  of  the  structure, 
though  this  could  clearly  have  an  important  effect  in  many  situations,  and 
requires  firther  study. 

Perhaps  the  most  elementary  instance  of  conduction  to  another  part  of 
the  structure  occurs  when  the  skin  is  only  partly,  or  non-uniformly ,  irradi¬ 
ated,  and  heat  is  transferred  to  another  part  of  the  akin  itself.  Practical 
situations  of  this  kind  arise  when,  for  example,  thermal  radiation  passes 
through  £in  aperture  and  falls  on  a  small  area  of  an  internal  surface.  Some¬ 
times  the  irradiated  area  is  exposed  to  the  airstream,  so  that  heat  is  lost 
both  to  the  surrounding  material  and  to  the  air. 

I 

/mother,  and  commoner  instance  concerns  the  temperature  rise  in  the 
part  of  a  skin  beneath  insignia  having  a  higher  absorbtivity  than  the 
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surrounding  reflective  finish.  Again,  heat  is  lost  both  to  the  adjacent 
parts  of  the  skin  and  to  the  airstream.  These  two  situations  eire  very  simi¬ 
lar,  and  differ  only  in  that  the  surrounding  material  is  also  irradiated  in 
the  case  of  areas  under  insignia. 

These  particular  situations  are  studied  in  the  present  Note,  using  a 
generalised  analysis  so  that  the  results  can  be  expressed  in  non-dimensional 
fom,  covering  a  range  of  the  variables  relating  to  the  majority  of  practical 
cases.  To  avoid  unnecessary  repetition,  it  is  assumed  that  the  characteristics 
of  the  thermal  input  pulse  from  a  nuclear  explosion  and  certain  aspects  of  the 
numerical  analysis  used  are  faniiliar  to  the  reader.  Reference  may  be  made,  if 
necessary,  to  the  earlier  study' . 

2  THIN  SKIN  IlbRADIATSD  THRa^C-H  A  LONG  PARALLEL  SLOT 
2,1  AssLuaptions 

The  situation  studied  concerns  a  thin  skin  irradiated  thrcugh  a  long 
parallel  slot  and  cooled  on  one  side  by  an  airstream.  In  a  general  analysis, 
the  follov/ing  asstimptions  are  necessaiy,  though  they  may  nearly  all  be  dis^- 
C6irded  if  a  particular  situation  having  special  characteristics  is  being 
studied. 

(a)  The  heat  transfer  coefficient  between  skin  and  boundary  layer  is  con¬ 
stant  . 

(b)  The  thermal  properties  of  the  skin  are  constant. 

(c)  The  reflectivity  of  the  surface  is  constant. 

(d)  The  skin  and  boundary  layer  temperatures  are  initially  equal. 

(e)  There  are  no  temperature  gradients  through  the  skin. 

(f)  There  is  no  heat  loss  by  re-radiation. 

A  simple  numerical  analysis  will  be  used ,  in  which  the  skin  will  be 
divided  into  discrete  elements  of  vriidth  Ax,  and  time  into  intervals  At.  Pig.1 
illustrates  the  nomenclature  used.  It  will  be  further  assumed  that 

(g)  The  rate  of  heat  inpat  is  oiniform  over  the  irradiated  area  and  is  zero 
beyond  it  (i.e.,  the  apei^re  is  very  close  to  the  skin  or  the  radiation  is 
collimated) . 

(h)  The  heat  transfer  process  is  one-dimensional  (i.e.,  the  aperture  is 
long  enough  for  the  temperatures  to  be  uniform  in  the  lengthwise  direction) . 

(i)  The  temperature  of  an  element  is  defined  by  the  temperature  at  its 
centre. 

(j)  Heat  is  transferred  internally  only  between  adjacent  elements. 

(k)  The  total  heat  input  during  a  time  interval  is  absorbed  instan¬ 
taneously  at  the  beginning  of  the  interval,  raising  the  temperature  accord¬ 
ingly. 

(l)  The  temperature  distribution  relaxes  during  an  interval  by  heat  trans¬ 
fer  to  the  airstream  and  the  adjacent  material  at  a  rate  determined  by  the 
temperatures  at  the  beginning  of  the  interval. 
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2,2  N\3merical  analysis 


Consider  the  rise  in  temperature  in  the  nth  element,  (Fig.1)  assumed 
to  be  of  unit  length  perpendicular  to  the  paper,  and  at  a  temperature 
above  that  of  the  boundary  layer  at  the  beginning  of  a  typical  time  interval. 

The  nett  heat  input  during  a  time  interval  At  is 

?(t)  A*  it  -  h  I„  A.  At  .  -  V  *  (Vi  -V 

(if  n  >  r,  P(t)  =  0) . 

At  the  end  of  the  interval,  the  temperature  rise  i»ill  have 
T^,  so  that  the  total  heat  retained  -will  be 

zcA  Ax  (t;;-t^)  (2) 


kAAt  (i) 
Ax 


increased  to 


and  (1)  and  (2)  are  equal. 

Multiplying  (1)  and  (2)  ■  ft2L.  and  equating,  we  have 

kAAt 

(vi  -  V  *  (vi  -  V = -V  (3) 


Now  if 


kAt 


=  M 


(4) 


equation  (3)  “ay  be  re-arranged  thus:- 


PftVAt^  hAt  T1  "^n-l  *  ^n  ^n»1  _  j, 

zct  zot  *  M 


(5) 


Let  P(t)  At  =  AQ(t) ,  the  total  heat  input  per  xmit  area  dixring  the 
interval,  and  make  the  substitutions 


AQ(t)  =  ASM  .  Q 


(6) 


A  = 


(7) 


At  = 


At  t 
7  *  ^max 

^max 


(8) 


and 


ht 


max 

zct 


b  (see  ref  1 ) 


(9) 
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Then  equation  (5)  becomes 


.asm  .  -  b  . 


Lt 

^max 


T  +  '^n-1  ■>•  (M-2)  ^n  *  ^4-1 
"  M 


TA  (10) 


Now  is  the  "ideal"  temperature  rise  which  7/ould  result  if  the  entire 
heat  input  vrere  absorbed.  Dividing  each  term  by  T. ,  we  may  introduce  a  non- 
dimensional  temperature  rise  scale  in  which 

~  =  r  (11) 

Then  equation  (10)  becomes 


4£M 

Q 


At 


max 


n-1  + 


(M-2)  r, 


n»1  


M 


r' 

n 


(12) 


Thus,  the  temperature  rise  in  a  given  element  at  the  end  of  a  time 
interval  may  be  determined  numerically  from  the  temperature  rise  in  that  element 
and  its  immediate  neighbours  at  the  beginning  of  the  interval.  The  computar- 
tional  effort  involved  depends  on  the  value  of  M,  which  may  be  chosen  arbi¬ 
trarily  so  long  as  it  is  greater  than  2.  If  M  equalled  2,  the  temijerature  of 
an  element  would  not  depend  on  its  previous  history,  and  if  M  were  less  than 
2,  the  previous  history  would  have  a  negative  effect  on  the  temperature  rise, 
which  is  unreal  physically.  It  is  very  convenient,  in  practice,  to  make 
M  =  3,  since  then  the  numerical  work  merely  involves  averaging  the  initial 
temperatures.  Equation  (12)  then  becomes 


AACi*)  -  b  .  .  r  +  ^n-1  ^n  -t-  ^nfl  _  pi 


max 


n 


•'max 


In  making  M  =  3,  certain  other  factors  are  also  determined,  since 
M  = 

kAt 


(13) 


which  can  be  evaluated  so  long  as  ^^(1*)  is  known  as  a  function  of  ^  , 


_  ^c 
k 


t  j 


ttax 

At 


The  f\inction  ■  —  is  a  characteristic  parameter,  so  let 

^  I'max 


B  = 


zcL 


k  t, 


(14.) 


'max 
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The  non-dimensional  temperature  distribution  has  been  commuted  for 
2  <  B  <  200  and  b  =  0,  0,04  and  0.08,  Tihich  embraces  the  majority  of  practi¬ 
cal  situations.  In  the  analysis  used,  M  was  always  3*  and  the  number  of 
material  elements  and  time  intervals  were  chosen  to  satisfy  equation  (13)  • 

The  smallest  number  of  elements  used  was  -L.  s  3;  odd  numbers  were  used  so 

Ax 

that  an  elemenfc  coincided  with  the  centreline,  which  is  a  centre  of  synmetzy. 

Pig. 2  illustrates  a  typical  variation  of  temperature  rise  with  time, 
showing  how  the  heat  spreads  out  into  the  adjacent  non-irradiated  skin.  In 
this  example,  the  distribution  after  the  maximun  is  not  shown,  to  avoid 
confVision  of  the  diagram. 

The  maxinum  temperature  rise  occurs  at  the  centre  of  the  irradiated 
area,  and  this  is  plotted  in  Pig. 3  in  non-dimensional  form. 

2.3  Accuracy 

In  using  a  finite  difference  analysis,  the  accuracy  achieved  depends 
on  the  number  of  elements  of  space  and  time  employed,  and  it  is  often  diffi¬ 
cult  to  assess  the  accuracy  without  repeating  the  comiutations  with  more 
elements  and  comparing  the  solutions.  In  this  particular  situation,  however, 
an  analytical  solution  eusts  for  the  special  case  of  a  constant  rate  of  heat 
input  and  no  air  cooling^  (b  =  0) .  This  solution,  using  the  present  notation, 
is 

erf(X)  -  2X^  erfc(X)  (16) 

where  X^  =  ■■  ^  ~  (^7) 

I6ktb 

and  t^  is  the  total  heating  time. 

The  present  method  was  used  with  -L  =  5  and  M  =  3  for  X  =  0,A85  and 

Ax 

0.685  and  the  comparative  solutions  obtained  for  T  were;- 

m 

Numerical  0.694  0.824 

Analytical  0.708  0.838 

The  error  in  both  cases  was  less  than  2^,  from  which  it  is  concluded 
that  the  results  of  the  previous  analysis  should  not  be  less  accurate.  The 
errors  involved  in  applying  the  resiilts  to  real  situations  are  clearly  likely 
to  be  much  greater  than  the  computational  errors. 

2.4  Example 

A 

In  the  previous  study  ,  eui  example  was  considered  in  vhich  a  bomber 
aircraft  was  exposed  to  thermal  radiation  from  a  2Mt  explosion  wlien  flying 
straight  and  level  at  a  Mach  number  of  0.8  at  45,000  ft.  The  convective 
heat  transfer  coefficient  at  a  point  12  ft  dovoistream  from  the  wing  leading 
edge  was  found  to  be 

h  =  1.61  X  10”^  cals  cm”^  sec“^  oq-1 
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and  for  a  26  gauge  skin  in  LTD  546  material  this  gave 
b  =  0.088 

Now  suppose  that  this  part  of  the  skin  was  in  the  upper  surface  of  the 
v/ing  and  had  been  irradiated  through  an  aperture  over  a  rectangular  area 
L  =  2  cm  wide,  and  the  total  thermal  dose  was  Q  =  10  cals  cm"^  after  correc¬ 
tion  for  obliquity  of  the  surface  and  its  reflectivity. 


For  DTD  546, 

k 

= 

A 

0.27  cals  cm  sec 

s 

= 

2.79  gr  cm“^ 

and 

c 

= 

0.21  cals  gr”^  °C“ 

so  that 

Jc, 

zc 

= 

2  -1 

0.46  cm  sec 

and  if 

L 

= 

2  cm 

and 

t 

max 

=  1 ,43  secs, 

B 

= 

6.1, 

from  equation  (14-) 


Then  from  Fig. 3 

r^=  0.35 

(It  is  evident  that,  in  this  case,  convective  cooling  to  the  airstream  is 
very  small  compared  with  the  heat  transfer  to  the  surrounding  material) . 

From  equation  (6) , 

=  381  °C 

and  thus  T  =  1 32°C 

m 

Then  if  the  assumptions  of  section  2,1  are  valid,  the  maximum  tempera¬ 
ture  rise  is  132°C. 

3  TEME5RATUEE  RISE  UNDER  INSIGNIA. 

3.1  Adaptation  of  previous  analysis 

The  identification  letters  and  other  insignia  on  a  bomber  aircraft 
cover  considerable  areais  of  the  skin  ai^  have  a  higher  absorbtivity  than  the 
surrounding  finish.  It  is  possible  to  use  the  previous  analysis  to  deter¬ 
mine  the  rise  in  temperature  in  the  skin  behind  such  insignia,  if  certain 
further  assumptions  are  made.  The  validity  of  the  analysis  will  be  consid¬ 
ered  later. 

For  parts  of  insignia  covering  rectangular  areas,  the  situation  is 
only  sli^tly  different  from  the  irradiation  of  a  skin  through  a  ractangular 
apertiire.  In  the  latter  instance,  there  is  no  heat  input  beyond  the  edge  of 
the  irradiated  area  (i.e.  if  n  >  r) .  If  the  input  to  the  surrounding  skin 
is  P(t) ,  the  effective  input  to  the  areas  under  insignia  will  be 

(,e) 
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and  correspondingly 


AQ(t)in 

Q 


Q  a 


(19) 


In  this  case,  Q  is  the  total  thermaJ.  dose  corrected  for  the  obliquity  and 
reflectivity  of  the  plain  skin.  Then  the  maxiinum  temperature  rise  is 
expressed  in  terms  of  the  "ideal"  temperature  rise  in  the  skin  outside  the 
insignia,  which  will  be  the  T.  upon  which  the  non-dimensional  temperature 
r  is  based  (vide  equation  (10)), 


a- 

Tlie  variation  of  with  B  and  -iH  is  shown  in  Figs. 2*.  and  5  for 

& 

b  =  0  and  b  =  0,08  respectively.  It  is  indicated  that  the  temperature  rise 
under  highly  absorbing  areas  is  substantially  less  than  would  be  estimated 
from  their  absorbtivity  only.  This  will  be  illustrated  in  the  following 
example. 


3.2  Example 

The  Ttm-ifinium  temperature  rise  is  required  in  the  16  gauge  light-alloy 
skin  beneath  a  black  identification  number  (say  number  one,  for  convenience) 

2  in.  wide  (5.1  cm)  for  which  a^  =  1.0. 

A  total  thermal  dose  of  50  cals  cm"^  is  incident  nonnal  to  the  surface, 
which  is  finished  with  a  white  reflective  paint  for  which  a  =  0,2,  The 
average  heat  transfer  coefficient  for  the  region  gives  b  =  0,08,  and  the 
weapon  yield  (^(Mt,,  say)  gives  =  2,0  secs. 

Now  Q  =  10  cals  cm”^ 

and  hence  T^  =  104.°0 

for  a  1 6  gauge  skin  in  BTD  546 . 

As  before,  JS-  =  0.46  cm^  sec“\  so  that,  from  equation  (14) 
zc 

B  =  28 

Also  =  5 

a 

Henc  e ,  from  Fig . 5  , 


and  thus 


r  =  2.25 

m 

T  =  23A°C 

m 


Therefore,  the  maximum  temperature  rise  (in  the  centre  of  the  number) 
would  be  234°C.  It  might  have  been  assumed,  in  making  a  first  estimate  of 
the  maximum  temperatvire  rise,  that  thei’e  was  no  conduction  to  adjacent  areas. 
The  estimate  v^ould  then  be  obtained  by  multiplying  the  temperatvire  rise  in 
the  surrounding  areas  by  °'in.  From  a  previous  analysis^  ,  the  maxirnmn  tempera- 

a 

ture  rise  in  the  white  region  would  be  0,57  T^,  so  that  the  estimated  maximum 

temperature  rise  in  the  black  region  would  bo  2.85  T^  =  297°*^  •»  over¬ 
estimate  of  about  30^. 
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The  error  in  this  simple  approach  becomes  less  for  large  values  of  B, 
but  greater  for  small  values  of  b.  In  the  example  given  above,  the  value  of 
b  is  too  high  for  a  typical  situation,  an3  had  it  been  zero,  for  example, 
the  error  in  the  siriiple  estimate  would  have  been  nearly  SCJS. 

4  LmiTS  OP  ViVLIDITI  OP  TIE  GENER/J:;  AI'TALYSIS 

4.'!  Bffect  of  paints 


On  veiy  thin  skins,  the  heat  capacity  of  any  reflective  finishes 
applied  to  the  surface  may  be  of  the  same  order  as  that  of  the  skin  itself. 
This  can  be  allovred  for  approximately,  if  the  thickness  and  nature  of  the 
paint  is  constant  and  its  thermal  properties  known.  Then  the  heat  capacity 
per  unit  area,  zcl,  would  be  that  of  the  combined  skin  and  paint,  though  the 

thermal  diffusivity  JL  would  probably  not  be  affected  since  most  paints  are 

zc 

poor  conductors  of  heat. 

ITien  insignia  are  applied  on  top  of  the  existing  finish,  the  thickness 
and  themial  properties  of  the  paint  within  the  area  of  the  insignia  are  likely 
to  be  different  from  those  of  the  surrounding  finish.  Such  a  case  would  have 
to  be  analysed  individually,  since  the  general  analysis  assumes  constant 
properties  throughout.  This  is  not  thought  to  be  veiy  important  in  view  of 
the  fact  that  most  insignia  are  found  on  fairly  thick  skins,  to  whose  heat 
capacity  they  would  make  a  negligible  contribution. 

The  presence  of  a  paint  film  of  low  conductivity  on  the  exposed  surface 
may  prevent  the  realisation  of  the  assximed  zero  temperature  gradient  in  the 
thickness  direction.  The  significance  of  this  cannot  be  assessed  without 
greater  knov/ledge  of  the  thermal  properties  of  typical  finishes,  but  deserves 
farther  study. 

4.2  Effect  of  shape 

One  of  the  assumptions  upon  which  the  analysis  rests  is  that  there  is 
no  heat  loss  in  the  lengthwise  direction,  i.e.  that  the  irradiated  area  is 
ver^'’  long.  It  is  valuable  to  determine  how  long  it  should  be  in  practice  for 
the  error  in  using  the  results  to  be  acceptable.  The  analysis  itself  can  be 
used  to  indicate  the  order  of  the  lergth  required. 

Suppose  the  length  of  the  eurea  is  Y.  Then  from  Fig. 3,  applied  to  heat 
flovf  in  the  lengthwise  direction,  the  approach  to  zero  heat  flow  1 .0) 

vrould  depend  upon  the  parameter 

B#  =  y5_  (20) 

Fig. 3  does  not  extend  beyond  =  0.76  since  this  would  require  input 
data  after  t  =  "10  tj^^,  which  are  not  available.  However,  it  is  estimated 
that  Fjj^  would  reach  0.9  (1(?i  error)  for  B*  =  800  and  0.95  (5?^  error)  for 
B*  =  1700. 

For  most  light  alloys,  the  thermal  diffusivity  JL  is  of  the  order  of 
.  zc 

2  -1 

0,5  cm  sec  ,  and  for  megaton  weapons,  tj^^  =  1  to  2  secs.  Then  it  is 

indicated  that  under  these  circumstances,  an  irradiated  area  may  be  consid¬ 
ered  long  if  Y  =  30  cm  error)  or  40  cm  error)  approximately. 
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These  lengths  are  smaller  than  those  of  the  straight  portions  of  moat 
standard  identification  numbers^  and  it  is  considered  to  be  legitimate  to 
use  the  analysis  for  curved  portions  also.  Furthermore,  it  is  indicated 
that  heat  flow  for  one  absorbing  area  would  not  be  seriously  affected  by 
another  one  fVirther  away  than  Y/2,  i.e.  20  cm,  say,  even  for  megaton 
explosions. 

The  temperature  rise  beneath  roundels  and  other  national  eniblems 
cannot  be  treated  rigorously  with  the  present  method,  although  estimates 
should  be  possible  which  are  not  enormously  in  error.  In  this  connection, 
and  for  the  case  of  irradiation  thraigh  a  circular  aperture,  it  is  worth 
noting  that  the  temperature  rise  at  the  centre  of  a  circular  area  of 
diameter  D  must  altrays  be  less  than  that  in  the  centre  ^f  a  lopg  strip  of 
width  D.  Then  the  value  of  fni  corresponding  to  B  s  would  always  be 

^^max 

a  safe  estimate. 

5  CONCmSION 

A  simple  numerical  analysis  has  been  devised  for  computiitg  the 
maximum  temperature  rise  in  a  thin  skin  irradiated  over  a  long  narrow  area, 
and  extended  to  cases  in  which  heat  is  absorbed  outside  this  area  to  a 
lesser  degree  than  inside  it. 

The  results  have  been  applied  to  the  temperature  rise  in  aircraft 
skins  subject  to  aerodynamic  cooling  and  irradiated  through  loi%  apertures, 
auid  also  to  the  effects  of  non-uniform  absorbtivity  where  there  are  identi¬ 
fication  numbers  and  other  insignia. 

It  is  shown  that  the  effects  of  conduction  to  non- irradiated  or 
leaser-irradiated  areas  are  3\ibstantial,  and  that  the  temperature  rise  in 
areas  under  insignia  is  less  than  would  be  expected  from  a  consideration 
of  their  greater  absorbtivity. 
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NOTATION 


a 

b 


The  symbols  used  eire  defined  as  follovra:- 
absorbtivity  of  surface 
parameter  ^ 

-  2 

parameter  - 


B* 

c 

D 

h 

k 

I 

L 

li 

P(t) 

Q 

AQ(t) 

t 

At 

t 

max 

T 

T' 


T. 

1 


m 


r 

r_ 


m 


Ax 


k  t 


parameter 


max 
2 


zcY 


specific  heat  of  skin  material 
diameter  of  irradiated  area 

heat  transfer  coefficient  between  boundary  layer  and  skin 

thermal  conductivity  of  skin  material 

thickness  of  skin 

width  of  irradiated  area 

function 

kAt 

thermal  input  per  unit  area  per  unit  time 
total  thermal  dose  per  unit  area  x  absorbtivity 
thermal  dose  per  \init  area  incident  during  interval  At 
time 

interval  of  time 

time  at  which  P(t)  has  maximum  value 

total  heating  time  for  square  pulse 

temperature  rise  above  initial  value 

temperature  rise  at  end  of  time  interval 

"ideal"  temperature  rise  Q 

zcC 

maximum  temperature  rise 

T 

non-dimensional  temperature  rise  ^ 

T 

maximum  value  of  f  =  _S 

T. 

1 


width  of  space  element 
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NOTATION  (Conta) 


X  parameter  /  ZCL^  \  ^ 

y  length  of  irradiated  area 

z  density  of  skin  material 

SUBSCRIPTS 

n  denotes  typical  space  element 

r  denotes  last  element  before  discontinuity  boundary 

in  denotes  idthin  discontinuity  boundary 


erf(u)  error  fVinction 


^  f 

Vn  J 


OPERATORS 


du 


erfb(u)  complementary  error  f\inction  ^ 


du 
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Fig.  1 — Nomenclature. 


TIME,  UNITS 


Fig.  2 — Typical  temperature  distribution. 
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Eig.  3 — Maximum  temperature  rise. 
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Energy  Project,  P.O.  Box  24l£4,  West  Los  Angeles 
24,  Calif.  AOTN:  ‘niomas  0.  Hezmessy,  M.D. 

Uhiverslty  of  California  Lawrence  Radiation  Laboratory, 
Technical  Information  Dlv,,  Berkeley  4,  CeO-lf.  ATTN; 
Dr.  R.  K.  Wakerllng 

University  of  Rochester,  AtosUc  Energy  Project,  P.O. 
Box  287,  Station  3i  Rochester  20,  N.T.  ATTN: 
Technical  Report  Control  Unit 
Reynolds  Electrical  &  Engineering  Co.,  Inc., 

P.O.  Box  352,  Las  Te^e,  Rev.  ATTN:  Mrs.  SUsebeth 
E.  Heyer  and  Mrs.  Gertrude  N.  Schroer 
Weapon  Data  Section,  Tecbnloal  Information  Service 
Extension,  Oak  Ridge,  Tenn. 

Technical  Information  Service  Extension,  Oak  Ridge, 
Tezm.  (surplus) 
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